ABSTRACT The risk ofcongenital defect was examined in 47 913 pregnancies ofwomen employed for 15 hours a week or more at time of conception. The rate of defects of all types per 1000 births in this series was 25 0; 1 8 from defects classified as chromosomal (group A), 10-8 as developmental (group B), and 12 5 as musculoskeletal (group C). Some evidence of an excess in the risk ratio (p < 0 05) was found in the services sector and in four occupations-agriculture and horticulture (2-61), telephone and postal clerks (1-74), a miscellaneous group of service jobs (1 68), and receptionists and information clerks (1 47); excesses of lower statistical significance (p < 0 1) were found in those engaged in plastics and rubber manufacture (2 02) and in child minders (1 -84). There were two cases of tracheo-oesophageal fistula-a rare defect-among eight defects (1 -32 expected) 
In a survey of occupational factors and outcome of pregnancy 56 067 women were interviewed over a two year period (1982-4) after delivery or spontaneous abortion in 11 obstetrical units in Montreal. Questions were asked about recently completed and all previous pregnancies-104 649 in all. The first in this series of reports outlined the risk of four main adverse outcomes (spontaneous abortion, stillbirth, congenital defect, and low birth weight) in six main employment sectors and 60 occupational groups.' A 10% increase in risk of spontaneous abortion was observed in sales and services sectors and between 10% and 20% increases in risk of congenital defects and low birth weight in services and manufacturing. Overall, managerial, health, and clerical sectors showed no increased risk of any of these outcomes.
Subsequent analyses have addressed each of the main types of adverse outcome separately. In a report on fetal death at different stages of pregnancy-early, mid, and late abortion, and stillbirth-work Accepted 14 August 1987 requirements and environmental conditions as described by the respondents and exposures to chemicals estimated from other sources were examined in the six main occupational sectors.2 Spontaneous abortion was related to lifting heavy weights, other physical effort and standing, and stillbirth to physical effort and vibration. Exposure to organic solvents, mainly in manufacturing, was associated with an increased risk of stillbirth and weakly with spontaneous abortion. Preterm birth and low birth weight were related in most sectors to heavy lifting and long hours of work and in some to changing shift work and noise. 3 Congenital defects have been the subject of a further field survey in which the best possible estimates of exposure to chemicals were made for 301 matched case-referent pairs by two hygienists who visited all workplaces considered to have potential exposures to chemicals. 4 Of nine chemical categories, including all grades of exposure, only aromatic solvents (especially toluene) were associated with an excess of defects (odds ratio 2-3, p = 0-04), particularly of the kidney and urinary tract. An unexplained and possibly coincidental excess of hydronephrosis, ureteral obstruc-581
McDonald, McDonald, Armstrong, Cherry, Cote, Lavoie, Nolin, Robert tion, and vesicoureteric reflux was also noted in women who had used a visual display unit in pregnancy. 5 The present report gives findings from a comprehensive analysis of congenital defects by occupational title, chemical exposure patterns, and work requirements. In particular, defects were studied in relation to occupation and exposures in early pregnancy for evidence of a teratogenic effect and to work requirements and postures in later pregnancy for evidence that they contributed to musculoskeletal abnormalities, perhaps by pressure on the uterus.
Fetal death and prematurity, especially the latter, are known to be importantly related to certain nonoccupational factors such as educational level and smoking habit, which are also associated with type of employment. Allowance had therefore been made for these and other potentially confounding variables by means of logistic regression in all previous analyses. Expected numbers of pregnancies with adverse outcomes were compared with numbers observed as ratios of observed to expected. Congenital defects differ from fetal death and prematurity in that they comprise many syndromes each with its own epidemiological pattern. For example, neural tube defects rise in frequency with descending socioeconomic status,6 trisomies with maternal age,' cleft lip or palate varies with ethnic group8 and congenital heart disease' but not congenital defects generally, with cigarette smoking.' Thus it would be necessary to take each type of defect separately in accounting for confounding variables. We did not undertake this computationally arduous and expensive task because it seemed unlikely that it would greatly affect the results. Since defects are rare, it is generally only possible to exclude chance as a cause when the relative risk is high and in these situations marginal effects of confounding do little to change interpretation. Nevertheless, the possibility of confounding is considered informally in assessing results.
Methods

SURVEY METHODS
Our survey methods were described fully in the first paper of the series.' Briefly, interviews were conducted from 11 
EXPOSURES TO CHEMICALS
The method of estimated exposures to chemicals has been described.2 A chemical exposure "profile" was created for as many occupations as possible. All job codes were systematically reviewed and information about exposures to chemicals obtained from the following sources: (1) case-referent studies of current pregnancies4 and previous pregnancies (unpublished observations), (2) reports of visits made by staff of community health departments in the course of occupational health surveillance, (3) estimates made for industries in the Montreal region in a study of occupational exposure and cancer,'3 and (4) texts and research reports. On the basis of this information exposure to identified chemicals was graded at three levels (1) reaching an estimated maximum of less than 30% of the threshold limit value (TLV), (2) exceeding that level, and (3) probably reaching the TLV. All three levels were used in our case-referent study4 but only exposures at levels 2 and 3 in the present analysis.
A profile was established for all six digit job categories (four digits SOC" and two digits SIC'2) for which, in five pregnancies evaluated, exposures to chemicals were essentially similar. Where they were dissimilar the job category was subdivided and more data obtained for each. From these profiles four types of exposures to chemicals were identified: (1) organic solvents, (2) pesticides (including bactericides, fungicides, and herbicides), (3) Table 3 shows the O/E ratios for exposures to chemicals above grade 1 in intensity. There was little evidence of excess in total defects, developmental (B), or musculoskeletal (C) defects in relation to any of these exposures and that seen in the chromosomal (A) group was based on small numbers and not specific as to type of chemical. In 152 pregnancies in doctors and nurses (96 current and 56 previous) the women reported the administration of antineoplastic drugs. Eight defects occurred in this series (4 05 expected, p = 0 05): there was one chromosomal abnormality and 0-27 expected (the case was Down's syndrome), two developmental defects (hypospadias and diaphragmatic hernia) and 1-51 expected, and five musculoskeletal defects (two club foot, one congenital dislocation of hip, and two hernias) and 2 27 expected.
In table 4 are shown O/E ratios for musculoskeletal (C) defects according to certain work requirements and postures and by the period of pregnancy at which the work was done. For club foot only the O/E ratio for other physical effort before 20 weeks was significantly raised (1 54, p = 0-05). For hernias a raised 
Discussion
There are some differences between the present findings and those previously reported.' The number of pregnancies studied was increased by about 15% by the addition of women who worked for 15 to 30 hours a week, the classification was slightly modified with some changes in the types of defect included and excluded, and adjustments for the effect of confounding variables were omitted. Nevertheless, when 60 groups are subjected to probability testing three would be expected to give a p value of <0-05; thus the observed excesses in both analyses could have been due to chance. We do not think it likely that the risks in specific occupational groups presented above would be importantly changed if allowances were formally made for non-occupational confounding variables. A multivariable analysis was carried out of three non-occupational risk factors-educational level, ethnicity, and cigarette smoking. Developmental defects, neural tube defects alone, and musculoskeletal defects were considered. Smoking had no appreciable influence on risk for any type of defect. White anglophones had about half the risk of other groups for neural tube and musculoskeletal defects, but ethnicity was not related to other developmental defects. Women who had had a college education were also half as likely to have a birth with a neural tube defect, but educational level was not related to other developmental defects or to musculoskeletal defects. were considered together because there was insufficient information to do otherwise. We postulated that certain ergonomic work requirements such as sitting, standing, and various types of physical effort might increase the risk of club foot and other musculoskeletal defects by requiring postures which constrained fetal movements. We found little evidence of this, whereas long hours of work were more consistently related to these defects. This suggests that factors other than posture or effort-fatigue, for example-may be important but the mechanism is obscure.
Associations between occupation and congenital defect in any one study may occur by chance; it is useful therefore to compare our findings with those of others. In an interview survey of 989 parents of children with structural congenital defects in Georgia, United States, associations between type ofdefect and occupation were sought."6 Increased odds ratios were observed for cleft lip or palate in nurses and for omphalocele or gastroschisis in employees in the printing industry. We found no evidence of these associations. No cleft of the lip or palate was found in nurses (2.29 expected); the only malformations in printing workers were two cases of Fallot's tetralogy. In Finland a register was used in which defects of the central nervous system, oral clefts, and musculoskeletal defects were recorded, together with a normal referent for each.'7 Women working in industry or construction had more children with neural tube and musculoskeletal defects than women in administration, professions, sales, farming, transport, communication, and services; women in transport and communication had an excess ofchildren with clefts of the lip or palate. Within the latter group telephone operators and teachers had increased odds ratios for oral clefts. In our study no cleft of the lip or palate was found in this group but only 0-33 was expected; three clefts were found in teachers compared with 3-16 expected. The O/E ratio for neural tube defects in the manufacturing sector in our study was raised (1-22) but not at a high level of significance (p < 0 10).
We conclude that this large survey in Montreal provides little convincing evidence of teratogenic risk from work in pregnancy. At the same time, two reservations should be made. Firstly, even in this study of over 100 000 pregnancies, power to detect risks in small occupational groups is limited. Thus two potentially important and statistically significant excesses were based on very small numbers: a total of eight defects observed with 4 07 expected in women who had administered antineoplastic drugs and six developmental defects observed with 1-32 expected in agriculture and horticulture workers. Secondly, the crude estimates of chemical exposure we were obliged to use were probably inadequate in a situation where
